T, r z 150 K the tetragonal axis is the easy direction of magnetization [I] . It is well known [2] that (i) the magnetic grains, which can nearly be perfertly aligned, have a mean size of about D = 5 pm, (ii) they are exchange decoupled from each other, (iii) domain-wall motion throughout the grains is very easy. Hence, in a demagnetization process nucleation of reverse domains has to take place in every grain. In any macroscopic state characterized by magnetization M and (averaged) internal field H the grains can be divided into three groups: upward grains, downward grains, and wall-containing grains with volume fraction wv,, wvd, wvs, respectively, where v, + vd + vs = 1. To obtain M -H curves we use the statistical properties of local field and local magnetization as it is usual in the theory of linear properties of heterogeneous materials 131. The mean values h,, Ad, m, of the z-components of field and magnetization in the three types of grains, respectively, and their statistical fluctuations a,, ad, r, depend on the topological structure of the phases and the magnetization state of the material. They are difficult to estimate. However, some general relations exist:
where m is the saturation magnetization of the main phase and a1 is the field fluctuation in the nonmagnetic phases 141. Equations (I), (2), (3) hold, if v, = 0 and if the distribution of upward phase and of downward phase is macroscopically homogeneous and isotropic, otherwise they can be used as approximations.
A parameter important to both nucleation and annihilation of reverse domains, respectively, is the mean value of the volume Vn of a critical nucleus at the surface of a grain, which can estimated to be V* b2D, where 6 is the domain-wall width. Vn corresponds to a volume fractions vn x b2 / D2 of critical nuclei in the magnetic phase. To estimate the maximum applied filed H = H k , which is required to obtain the major demagnetization curve with maximum JH, we use the condition that in the saturated state the local field h is permitted to be negative at most in a volume fraction vn of the magnetic phase. Making an ergodic type hypothesis [3] we obtain the condition where p is the statistical density of the upward grain field h,, which in the following is assumed to be a Gaussian density. With v, = 1, vd = 0, and the symmetry approximation equations (I), (3), (4) with increasing temperature, which is found in 151, may be due to the increase of 6 in equation (6) .
On the other hand, stable nuclei of reverse domains can be generated at H = -JH,, M = 0, if the nucleation field -h, is exceeded at least in a volume fraction vn of the upward phase:
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19888292 (8) is stronger temperature dependent than the second term. From equation (8) follows that for a given temperature the coercivity jHC decreases with increasing w, whereas the saturation magnetization M, = wm increases. Thus, for any temperature an optimum volume fraction w with a maximal value of the energy product (BH), exists.
If a dc-field demagnetized Fe-Nd-B magnet is heated, an increase of magnetization can be observed (see Fig. 2 ) . This phenomenon of thermal remagnetization [2, 91 is described as follows: in the preceding demagnetization process grains with larger demagnetization fields are favoured. Hence, the symmetry in the field distribution of upward grains and downward grains is disturbed and deviating from the approximation (I), (2) the mean field L, is smaller than hd. With increasing temperature the nucleation field h, decreases. The nucleation of domains starts more rapidly in the downward grains than in the upward grains. The resulting maximum remagnetization M = M r can be estimated for the ideal case of nonfluctuating h, and hd and closed-circuit condition 
